The influence of configuration at C-20 on rotation about the 17(20)-bond in steroids and euphoids was examined by x-ray crystallographic studies of the C-20 epimers euphol and tirucallol. The H atom on C-20 was in back next to C-18 in the crystal structures of both of the compounds, and C-22 was found to be cis-oriented ("left-handed") to C-13 in euphol and trans-oriented to it ("right-handed") in tirucallol.
ence for this "right-handed" rotational isomer probably derives from its having the smallest of the groups on C-20 (the H atom) in front and, therefore, adjacent to C-18 in a pseudo-1,3-diaxial fashion. If this were the correct explanation, the H atom on C-20 should remain adjacent to C-18 after inversion. This would place C-22 on the left ("left-handed" isomer)
We undertook a study of this stereochemistry, because the ability of the sterol side chain to assume a right-handed conformation without having a methyl group in front seems to be of biological importance. There is a clear correlation between the biological activities of (20R)-sterols (which can have this stereochemistry) and (E)-17 (20) -dehydrocholesterol with C-22 fixed to the right (5) (6) (7) (8) (9) (10) (11) . Similarly, the activities of (20S)-sterols correlate with (Z)-17(20)-dehydrocholesterol (5) (6) (7) (8) (9) (10) . If only one of the 17(20) -dehydrosterols is active, it is the right-handed (E)-isomer, and then of the C-20 epimers only the one with the (20R)-configuration is active (5) (6) (7) (8) (9) (10) . These correlations have been found in the ability of sterols to perform what is thought to be the bulk membrane function in yeast (5, 6) , to be metabolized by a protozoan (7, 8) , and to induce formation of oospores in an oomycete (9, 10) . If, on the other hand, both of the 17(20)-dehydrosterols are active, as they are in depressing hepatic cholesterol synthesis after being fed to mice (11) , then both of the C-20 epimers of cholesterol are active (11) .
To determine whether inversion of the C-20 configuration of sterols is actually accompanied in the solid state by transfer of C-22 from the right to the left side of the molecule, we have tried to grow large enough crystals of 20-epicholesterol, prepared as described (12) , to permit x-ray analysis.
Unfortunately, crystals of adequate size have not been obtained, so we turned our attention to the naturally occurring (13) C-20 epirners euphol and tirucallol (Fig. 1) . These tetracyclic triterpenoids, which did yield crystals of sufficient thickness, are in the euphoid series (14) having C-13, C-14, and C-17 inverted compared to the steroids (13, 14) . The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Proc. NatL Acad Sci. USA 81 (1984) 5897 Table 2 . Bond lengths (A) for euphyl (I) and tirucallyl (II)
Crystal structures of tirucallyl and euphyl acetates showing thermal ellipsoids for the carbon atoms, which were determined at the 50% probability level.
1.510 (7) 1.514 (7) 1.456 (6) 1.545 (7) 1.533 (6) 1.527 (7) 1.369 (6) 1.511 (6) 1.531 (6) 1.526 (6) 1.539 (6) 1.527 (7) 1.532 (7) 1.561 (6) 1.541 (7) 1.504 (8) also examined as the acetate. The mass, 'H, and "3C NMR spectra of the compounds as well as their chromatographic behavior agreed with the available literature (22) (23) (24) (25) (26) (27) 1984) 5899 unique observed reflections had IFI . 2o1F0I and were applied in the data refinement calculation. Intensity data were corrected for background and Lorentz and polarization effects but not for absorption. Both crystal structures were solved by direct methods. Positional and thermal parameters were least-squares refined by a cascade-matrix procedure. Numbering System. The numbering system for the atoms in the two molecules is shown in Fig. 2 . For carbon atoms that are common to cholesterol, the numbers are the same as in the steroid system. For other atoms, an arbitrary system was used in the x-ray investigation that incorporates both carbon and oxygen atoms.
Supplementary Materials. Additional tables giving the anisotropic temperature factors for non-H-atoms, the isotropic temperature factors of the hydrogen coordinates, observed and calculated structure factors, torsional angles, and dihedral angles for each of the compounds may be obtained from the authors.
RESULTS AND DISCUSSION
The atomic coordinates, bond lengths, and bond angles for euphyl and tirucallyl acetates are shown in Tables 1, 2 , and 3, respectively. The torsional angles for rings C and D and the side chain are shown in Fig. 3 . The complete structures of the molecules are given with thermal ellipsoids for the positions of the carbon atoms in Fig. 2 , and stereoscopic presentations are to be found in Fig. 4 . It will be seen that euphyl acetate is left-handed and tirucallyl acetate is righthanded in the sense that C-22 is cis-or trans-oriented, respectively, with respect to C-13 around the 17 (20) (1984) Quantitatively, the C(13)-C(17)-C(20)-C(22) torsional angle in tirucallyl acetate is -176.0°, corresponding to a nearly exact trans-arrangement. The converse is true for euphyl acetate in which C-21 now almost precisely takes the place of C-22. The C(13)-C(17)-C(20)-C(21) torsional angle (in euphyl acetate) is -177.2°, and C-22 has become cis-oriented to C-13. Although the rotomeric condition of C-20 with respect to C-17 can be influenced strongly by nuclear changes (29) , the observed rotational isomerism was clearly associated with the configuration at C-20, because inversion of this carbon atom was the only difference between the two molecules studied. The important question (4, 5, 12, 30)-whether similar isomerism exists in the liquid and gaseous states-remains unsettled. It is interesting, however, that Vanderah and Djerassi (31) and Itoh et al. (22) have been able to rationalize differences in the spectral and chromatographic properties of C-20 epimers on the assumption that rotational isomerism of the sort shown here actually does occur.
Another interesting aspect of the geometry observed in the present work is that simultaneous inversion of C-13 and C-14 (compared to the steroids) should force ring C to flip so that C-13 is on the back (a) instead of the front (13) face of the molecule. This is necessary for a diequatorial arrangement of C-15 and C-17 to occur, which in turn is required to close ring D. The flip of C-13 with an associated movement of C-14 also forces ring D and the side chain to occupy positions pointing downward onto the back side of the molecule. This can be seen from the torsional angles of Fig. 3 and in a direct visual manner from the stereoscopic drawings of Fig. 4 . The bending of the molecule may be the reason why euphoids are not demethylated at C-4 and C-14 and used commonly, as are steroids with a much flatter nucleus, for incorporation into membranes. 9(19)-Cyclosteroids, also bent, similarly appear only to be intermediates and not functional end-products in the steroid pathway (14) .
